Tonga was unique in the prehistoric Pacific for developing a maritime state that integrated the archipelago under a centralized authority and for undertaking long-distance economic and political exchanges in the second millennium A.D. To establish the extent of Tonga's maritime polity, we geochemically analyzed stone tools excavated from the central places of the ruling paramounts, particularly lithic artifacts associated with stone-faced chiefly tombs. The lithic networks of the Tongan state focused on Samoa and Fiji, with one adze sourced to the Society Islands 2,500 km from Tongatapu. To test the hypothesis that nonlocal lithics were especially valued by Tongan elites and were an important source of political capital, we analyzed prestate lithics from Tongatapu and stone artifacts from Samoa. In the Tongan state, 66% of worked stone tools were long-distance imports, indicating that interarchipelago connections intensified with the development of the Tongan polity after A.D. 1200. In contrast, stone tools found in Samoa were from local sources, including tools associated with a monumental structure contemporary with the Tongan state. Network analysis of lithics entering the Tongan state and of the distribution of Samoan adzes in the Pacific identified a centralized polity and the products of specialized lithic workshops, respectively. These results indicate that a significant consequence of social complexity was the establishment of new types of specialized sites in distant geographic areas. Specialized sites were loci of long-distance interaction and formed important centers for the transmission of information, people, and materials in prehistoric Oceania.
Tonga was unique in the prehistoric Pacific for developing a maritime state that integrated the archipelago under a centralized authority and for undertaking long-distance economic and political exchanges in the second millennium A.D. To establish the extent of Tonga's maritime polity, we geochemically analyzed stone tools excavated from the central places of the ruling paramounts, particularly lithic artifacts associated with stone-faced chiefly tombs. The lithic networks of the Tongan state focused on Samoa and Fiji, with one adze sourced to the Society Islands 2,500 km from Tongatapu. To test the hypothesis that nonlocal lithics were especially valued by Tongan elites and were an important source of political capital, we analyzed prestate lithics from Tongatapu and stone artifacts from Samoa. In the Tongan state, 66% of worked stone tools were long-distance imports, indicating that interarchipelago connections intensified with the development of the Tongan polity after A.D. 1200. In contrast, stone tools found in Samoa were from local sources, including tools associated with a monumental structure contemporary with the Tongan state. Network analysis of lithics entering the Tongan state and of the distribution of Samoan adzes in the Pacific identified a centralized polity and the products of specialized lithic workshops, respectively. These results indicate that a significant consequence of social complexity was the establishment of new types of specialized sites in distant geographic areas. Specialized sites were loci of long-distance interaction and formed important centers for the transmission of information, people, and materials in prehistoric Oceania.
Polynesian archaeology | geochemical sourcing | complex societies A rchaeological evidence for prehistoric interaction is critical to understanding the role of intersocietal contact and the power strategies used by elites in the formation of complex societies. In the first half of the second millennium A.D., a powerful and complex society emerged in the Tonga Islands ( Fig. 1 ) that was unique in the Pacific for the way it aggregated an entire archipelago under a single political system. Considered a maritime empire/chiefdom (1-3), Tonga has recently been categorized as a primary/archaic state that, along with the late-prehistoric polities of the Hawaiian Islands, were the most complex societies in prehistoric Oceania (4, ref. 5, p. 146) . The ancient Tongan state/ chiefdom was headed by the paramount Tui Tonga (Lord of Tonga) and administered by closely related chiefly families, and it was exceptional in Polynesia for a network of political and economic relationships that extended to other islands and archipelagos (2, 6) . The control and redistribution of exotic goods is posited as an important source of capital used to support political centralization (7, 8) , but it has not been feasible to model prehistoric interaction in the expansive Tongan state using archaeological data because of the paucity of excavations at the central places of the chiefdom and the likelihood that most imports were made in perishable materials that tend not to preserve in tropical contexts (9) (10) (11) . As a result, it has been unclear how far Tongan influence extended, whether the political economy involved control and distribution of prestige exotic goods by elites and whether the polity's interaction sphere was only one of several prehistoric networks responsible for the movement of people, goods, and ideas in the Central Pacific.
This article reports the analysis of a significant lithic artifact assemblage recovered during recent excavations of sites of the Tongan polity, which was manifested by the construction of religo-political centers containing monumental architecture on the island of Tongatapu (297 km 2 ) , where the political hierarchy was legitimized in ceremonial events, particularly chiefly funerals and the regular presentation and redistribution of tribute from islands within and beyond Tonga (12) . Geochemical analysis of lithics is used here to determine the spatial extent of Tongan interaction and to test a hypothesis that the acquisition of nonlocal lithics-and by extension other exotic items that are poorly represented in the archaeological record-was an important source of power for Tongan elites.
Refining Interaction
The Tongan Islands consist of about 160 uplifted limestone and volcanic islands with a total land area of 748 km 2 ( Fig. 1 ), which were first settled about 2,800 y ago by Lapita people (13) . The core islands are divided into three groups spread over 330 km, comprising the southern Tongatapu Group, the Haapai Group, and the northern Vavau Group, with several small outlying islands located to the north (Tafahi-Niuatoputapu, Niuafoou) and south (Ata). The prehistoric peak population of Tonga is estimated to be around 30,000-40,000 people, about half of whom
Significance
The Tongan state was the only maritime polity in Oceania to encompass an entire archipelago and, through long-distance voyaging, to extend its influence to other island groups through political and economic exchanges. Stone tools recovered from the central places of the Tongan state were geochemically analyzed to provide the first archaeological assessment of maritime interaction in the Central Pacific, with a high proportion of tools (66%) identified as long-distance imports from Fiji, Samoa, and the Society Islands. Exotic lithics were an important source of political capital used by Tongan elites, and an important consequence of centralization was the development of interaction centers through which people, products, and information about political organizations reached many parts of the prehistoric Pacific.
lived on the southern island of Tongatapu (Sacred Tonga), where the central places of the Tongan polity were raised (2, 14, 15) . Tongatapu is a limestone island and all volcanic rock artifacts, including adzes, flakes, grindstones, hammer stones, and cooking stones found in archaeological contexts, were imported from volcanic islands within, or beyond, the Tongan archipelago.
The first paramount center to contain chiefly stone architecture, which signals increasing hierarchical organization, was located in eastern Tongatapu and built around A.D. 1300 before being abandoned two to three generations later (16) . After Heketa, the chiefdom relocated to Lapaha on the shores of the Fanga Uta Lagoon around A.D. 1350-1400, where the Tongan state reached its greatest extent. Manifested by a monumental central place covering more than 50 ha, the principal monumental structures were stepped royal tombs of the paramount Tui Tonga family, which were faced with slabs of beach rock and reef limestone, some weighing more than 20 tons. Lapaha has 27 stone-faced burial structures that contain more than 2500 tons of quarried and transported carbonate stone (Fig. 2) . Radiocarbon dates, architectonic features, and chiefly genealogies indicate the first royal tombs were built A.D. 1300-1400, with the last constructed ∼A.D. 1760 (16, 17) . Additional constructions marking the chiefly center include ditch systems, roads, earth burial mounds, sitting platforms, bathing wells, standing stones, and a large area of reclaimed land containing a canoe harbor and wharf, which highlight the importance of maritime transport to the polity (2, 15) .
Here, we discuss the geochemical analysis of a lithic assemblage associated with the central places of the Tongan state, particularly the monumental royal tombs. Lithic sourcing is an established method of revealing prehistoric long-distance voyaging in Oceania (18, 19) . As detailed in SI Appendix, chemical analysis of lithics is particularly applicable to the Central Pacific because of the significant geochemical differences in the composition of volcanic rocks within the Tongan Island Arc, and between Tongan Arc rocks and intraplate volcanic islands, like Samoa, located north and east of the "Andesite Line" (18) . We analyzed 599 rock samples composed of 567 artifacts and 32 reference samples from northern Tonga, Samoa, Uvea (Wallis), and Rotuma. By island/island group, there are 196 lithic artifacts from Tongatapu and 371 from Samoa (Upolu, Savaii, Apolima). We used six techniques to identify artifacts to a potential source: thin-section petrology, pXRF, XRF, SEM-EDXA, LA-ICP-MS, and MC-ICP-MS, in addition to using reference sample data and the extensive literature on the geology and geochemistry of the Central Pacific (SI Appendix). All samples were initially characterized with pXRF (Ti, Rb, Sr, Y, Zr, Nb) to identify groups and outliers (Dataset S1), followed by additional analysis of selected samples using major and trace elements (Dataset S2), radiogenic isotopes (SI Appendix, Table S1 ), and thin-section petrography (SI Appendix, Table S2 and Fig. S7 ).
Studies of prehistoric interaction are complicated by uncertainty about the purpose, directionality, and significance of long-distance contact (20) (21) (22) . We refine our understanding of interaction in the Central Pacific by, first, constructing a geochemical-based network model of the Tongan state and comparing it with the prestate network on Tongatapu. Second, we contrast the movement of lithics in the Tongan state with Samoa, which in late prehistory was not centralized and contained several chiefdoms (23, 24) , including lithics from a monumental site on Savaii (see ref. 25) .
Results
Interaction in the Tongan State. There were 66 analyzed lithics from Lapaha (64) and Heketa (2), with "adzes-flakes" comprising 66% (n = 44) and decorative grave pebbles (kilikili) 34% (n = 22) of the assemblage. Artifact location and context is listed in Dataset S1 and SI Appendix, Tables S3 and S4 , with site locations shown in Figs. 1 and 2 . The majority (90%) of samples were directly associated with the stone-faced royal tombs, and the remainder were from chiefly structures, including a ditch system, canoe wharf, reclaimed land, and carbonate stone quarries. Geochemical results indicate that 44% (29/66) of all Lapaha-Heketa lithics are exotic to the Tonga archipelago, with a clear division between grave pebble manuports, which derive entirely from within the archipelago, and worked adzes-flakes, which are predominantly from outside Tonga (29/44, 66%). Local adzes-flakes and grave pebbles have a trace element geochemistry consistent with an origin from Eua and central Tongan volcanics (Hunga Haapai, Hunga Tonga, Fonuafoou, Tofua, Kao, Late), but not volcanics from northern Tonga (Fonualei, Tafahi-Niuatoputapu, and Niufoou). An adze quarry on Ata island in the south of the archipelago (26) Fig. S5 ). Interaction with west Fiji is demonstrated by worked flakes of plutonic rock found at the J20 tomb at Lapaha. A thin-section analysis identified the quartzose material (sample 692) as hornblende granodiorite, precluding an origin from the intraplate Polynesian islands, and the material most likely represents material collected from a shallow subvolcanic intrusion on Viti Levu or Vanua Levu (SI Appendix, Table S2 ). Lithics from Fiji/?Fiji contribute 9% of the exotic assemblage (4/44). Only two lithics were recovered from the early chiefly center of Heketa, both exotic, with one adze flake from Tutuila (sample 707) and an adze blank (sample 708) potentially from Fiji. An adze fragment from Lapaha made of phonotephrite (203) was an extreme outlier in the pXRF analysis and was examined further with XRF, LA-ICP-MS, and MC-ICP-MS. The sample contained TiO 2 ∼2.5wt%, indicating an intraplate origin with unusually high Sr (1330 ppm) and Nb (132 ppm) values that exclude Samoa and point to the high field strength elementsenriched lavas from East Polynesia. Radiogenic Pb, Sr, and Nd isotope ratios measured with MC-ICP-MS (SI Appendix, Table  S1 and Fig. S6 ) relate most closely with the Papenoo adze quarry in Tahiti, Society Islands (18), supported by alkali basalt results from Vallee de Punaruu (27) .
Interaction in Prestate Tongatapu. Stone tools found at the central places of the Tongan state/chiefdom are dominated by imports from outside the archipelago, indicating frequent long-distance voyaging, but was interaction greater during the time of the Tongan state than in earlier times? To examine prestate interaction, we initially analyzed 115 stone artifacts from ceramicage sites on Tongatapu dated to B.C. 800-A.D. 200, as there are few archaeological sites from the first millennium A.D. (28, 29) . Seven adzes-flakes were removed from consideration, because they were surface finds from sites that had been occupied in the postceramic era and the lithics were not associated with the subsurface ceramic deposit, leaving a total of 108 prestate lithics (SI Appendix, Table S6 ). Adzes-flakes comprise 39% (42/108), and manuports 61% (66/108), of the assemblage. Most lithics (50%) were from the TO.6 site (Tufu Mahina), excavated by Jens Poulsen (30) , which has an estimated age of B.C. 350-100 (31) . Of the total lithic collection, 14% (15/108) were nonlocal, with the majority of lithics (86%) sourced to Tongan volcanics. Most prestate imports from outside the Tonga Group were (Fig. 3) . Lithics assigned to Fiji occur in both basal and upper levels of the TO.6 site (SI Appendix, Table S6 ), and early interaction between Tongatapu and Fiji is attested by lithics at three other ceramic sites (samples 5, 19, 21, and 694) that are sourced to Fiji (Datasets S1 and S2). In contrast, only two adzes (samples 22 and 250) from excavated contexts were sourced to Samoa, and both artifacts were from upper levels of the primary ceramic deposit. The proportion of exotic adzes-flakes in the prestate assemblage (33%) doubles in the Tongan state assemblage (66%) and is accompanied by marked change in procurement with adzes from Fiji succeeded by importation of Samoan lithics.
Interaction in Samoa. Two lithic collections from Samoa were used to examine whether the Tongan chiefdom acquired more exotic lithics than other stratified societies in the Central Pacific. The first assemblage is essentially a surface collection of 330 adzes/ adze fragments from Samoa (Upolu, Savaii, Apolima) (32) . There is substantial continuity in the Samoan adze sequence, and although the relative age of individual tools cannot be determined precisely, the majority is associated with postceramic sites and probably date, therefore, to the past 1,500 y (32, 33) . To test the proposition that exotic lithics were especially important to the Tongan state, we analyzed a collection of 41 stone tools and manuports from the Pulemelei Mound site. The Pulemelei Mound is a monumental stone mound with a volume of 17,000 m The proportion of exotic and local lithics in each of the three assemblages is summarized in Fig. 3 , with Tongatapu receiving substantial quantities of stone tools from other island groupseven though fine-grained adze rock was available in Central Tonga and on Eua-whereas Samoan lithics derive from local sources within the archipelago.
Discussion
Based on our geochemical analyses, there was extensive movement of lithics into the Tongan state, with stone tools sourced from volcanic islands in the Tonga archipelago as well as Fiji, Samoa, and remarkably Tahiti, 2,500 km east of Tongatapu. The core area of the Tongan state covers an area of 500,000 square km and has a periphery zone up to seven times larger if the Society Islands are the source of Lapaha sample 203. A larger interaction zone is supported by traditional history of Tongan arrival on islands such as Tikopia and Anuta and linguistic evidence that Tongans traveled to Rotuma, Tokelau, and Tuvalu (35-37). Nonetheless, a comparison of lithic movement in prestate Tonga demonstrates that a significant proportion of stone tools (33% of adzes-flakes) came from outside the Tonga Islands during the first thousand years of human occupation (B.C. 800-A.D. 200). Fiji appears to have been an important source of lithics in early Tongatapu, and this matches linguistic data indicating an early dialect association between east Fiji and southern Tonga (38) (39) (40) (41) .
The oldest center of the Tongan state is Heketa, where the first monumental stone architecture was built (16) . It is notable that interaction with Samoa and potentially Fiji is seen during the initial period of state formation (∼A.D. 1200-1300), although a larger lithic assemblage is needed to examine both early state, and immediately prestate state, interaction. Many of the Lapaha adzes-flakes found in foundation trenches used to hold the carbonate facings of the royal tombs were deposited while shaping the stones and are associated with slab debitage. The largest Lapaha tombs have recently been placed in a chronological sequence using radiocarbon dates and architectonic features (17) . The oldest tomb (J17), with an estimated age of A.D. 1350, has lithics from Samoa and central Tonga, whereas later tombs J03 and J21 (A.D. 1550-1650) have lithics from Samoa (Fig. 2) . The adze with a likely source in the Society Islands (sample 203) came from the foundation trench of the four-tiered J09 tomb that is notable for having a large average slab length (3.3 m) . The dating of this tomb is uncertain, but architectonic features indicate an age ∼A.D. 1550-1700 (15, 17) , a century after longdistance interaction stopped in East Polynesia (42) . The J20 tomb has lithics from several sources including volcanic islands within Tonga (central Tonga, Eua), Samoa (Upolu-Savaii, Tutuila), and Fiji (west Fiji plutonic, east Fiji volcanic). Made of large reeflimestone blocks rather than beach rock slabs, the J20 tomb is the largest worked stone structure in the Pacific (14) and contains more than 500 tons of quarried limestone. In Tongan traditions, the J20 tomb is linked to the 29th Tui Tonga (A.D. 1550-1600), who had close connections with chiefly families in Fiji and Samoa (23, 43) , suggesting that exotic lithics found in funerary contexts at the J20 tomb derive from the mobilization of valuables in the paramount's extensive web of family/political connections (see refs. 44, 45) .
In addition to chiefly funerals and marriages, political centralization was manifested in the first fruits (inasi) festival, which was a major ceremony attended by chiefs and people from all over Tonga. In the ceremony, the Tui Tonga mediated with the god Hikuleo to ensure bountiful crop yields, and for this, the paramount was "... greatly reverenced throughout the island, and supported in splendour and dignity by the contributions of the different districts" (ref. 12, p. 91 ). An inasi witnessed in the 19th century when the influence of the paramount Tui Tonga was severely diminished noted tribute goods arriving from throughout the Tonga Islands as well as Uvea and Niuafoou, respectively, 870 km and 600 km distance from Tongatapu. Imported items included yams, pearl shells, megapode eggs, fine mats, Touchardia latifolia fiber for attaching hooks to large trolling lures and making fishing nets, sea bird young, fish from a sacred lake, two kinds of iron wood, and arrowroot (46) . The influx of people to the central place at such times numbered in the thousands (ref. 12, p. 93; ref. 47 , p. 343) and was accompanied by vast quantities of goods and manufactured products, including, we suspect, stone adzes.
Recent work on adze production sites on Tutuila Island in American Samoa has identified the emergence of nucleated workshops at ∼A.D. 1200 that specialized in the production of basalt tools (24) . Our analysis of 330 Samoan stone tools reveals that few lithics were imported into Samoa, and this is supported by a study of lithics from the monumental Pulemelei Mound site. Clearly, the elites of Tonga and Samoa were using stone tools differently, with a high proportion of exotic lithics imported to the central place of the Tongan state, whereas parts of Samoa, especially Tutuila, focused on the specialized production of highquality adzes. A Samoan tradition mentions a short-lived Tongan presence on Tutuila that was repelled, suggesting that Tongans may have attempted to control adze production (ref. 23 (Fig. 4). and production of nonlocal goods provides new forms of political capital to leaders.
The different strategies used by leaders in the Central Pacific can be further visualized by showing the distribution of adzes sourced to Samoa/Tutuila and the lithic network of the Tongan state (Fig. 4) . Samoan adzes occur on islands spread over 5,000 km of the Pacific Ocean, with tools from workshops on Tutuila widely esteemed for the high-quality basalt and artisanal skill involved in production. Although craft specialization and control of adze circulation delivered chiefly wealth, it did not, apparently, result in the high political status of Tutuila in the Samoan archipelago (23, 24) . In short, the contrasting distribution of lithics in the Tongan state and Samoa-Tutuila corresponds neatly with archaeological expectation. The political center of an expansive maritime polity in southern Tonga contains a high proportion of imported lithics, whereas the prestige products of nucleated adze workshops on Tutuila were widely distributed outside Samoa, including the transport of a large number to the Tonga state. We anticipate that the lithic network in Fig. 4 will be expanded and modified as evidence for prehistoric interaction derived from biological, linguistic, genealogical, and archaeological research, particularly that focused on specialized sites, is acquired.
Conclusion
Only in Tonga did areal integration under a ruling lineage extend to encompass an entire Pacific archipelago in prehistory. Geochemical analysis of lithics from the Tongan state on Tongatapu demonstrates that although local volcanic sources from within the archipelago were used in tool production, around two-thirds of all adzes-flakes came from other island groups, particularly Samoa and Fiji. The close association of exotic lithics with the royal tombs of the paramount Tui Tonga line illustrates the spatial extent of Tongan leaders' biosocial networks. Elite networks based in part on the exchange of high-status marriage partners in the Central Pacific allowed chiefs to significantly expand their political and economic influence. Regular ceremonial events at Lapaha also concentrated staples and nonlocal valuables that were redistributed as an important source of capital for Tongan elites to maintain and fund a centralized political system dependent on long-distance canoe voyaging. An analysis of prestate lithic transfer shows that interarchipelago connections were a feature of early Tongatapu that intensified with the development of stratified chiefdoms in the second millennium A.D. The import of lithics to the Tongan state and dispersal of Samoan adzes provides archaeological signatures of political centralization and craft specialization, respectively, and demonstrates that a significant consequence of social stratification is the formation of new types of specialized sites in distant geographic areas. Most complex societies in the Pacific only developed in the past 1000 y, and external drivers such as climate change have been proposed to explain the widespread emergence of hierarchically stratified societies (49) . However, the lithic networks in Fig. 4 indicate that stratification was accompanied by the development of significant interaction centers in the Central Pacific that had the capacity to transmit information about political organization to many parts of Oceania.
Materials and Methods
Artifact location, site name, estimated site age, lithic type, and sampling are given in Dataset S1 and SI Appendix, Tables S3 and S4 . "Adze/adze fragments" (n = 395) were identified from cross-section attributes or the presence of a recognizable adze portion (no adze quarry production debitage was analyzed; see SI Appendix, Table S4 ). "Flakes" (n = 21) were identified by the presence of a bulb of percussion, and "adze-flakes" (n = 49) had surface polish/hammer dressing, with the circular shape of several polished flakes indicating heating of adze/adze fragments. "Grave pebbles" (kilikili) (n = 23) are volcanic water-rolled stones placed on top of burials in Tonga. The "manuport" category (n = 78) includes volcanic artifacts brought to Tongatapu, including hammerstones, abraders, grindstones, gaming stones, and cooking stones. Samoan manuports include locally available building material and mound paving stones used in the construction of the Pulemelei Mound on Savaii Island. Reference volcanic samples (n = 32) from Samoa, Rotuma, Uvea, and northern Tonga are listed in SI Appendix, Table S5 .
Sample characterization involved five levels of analysis. First, nonmuseum samples were examined under low-power magnification and divided into informal groups based on grain size, color, and presence and size of inclusions, with 29 selected for thin-section analysis. Descriptions and photographs of thin sections are given in SI Appendix, Table S2 and Fig. S7 . Second, the complete assemblage (n = 599, numbering 567 artifacts and 32 reference samples) was analyzed with pXRF (Dataset S1). Third, outliers and reference and representative group samples in the pXRF results were analyzed with XRF (n = 62) and SEM-EDXA (n = 25) (Dataset S2). Fourth, trace elements for 87 samples comprising outliers and reference and representative group samples were made with LA-ICP-MS (Dataset S2). Fifth, radiogenic Pb, Sr, and Nd isotope ratios were obtained for two outliers with MC-ICP-MS (SI Appendix, Table S1 ). Description of the regional geology, characterization techniques, and the sample allocation procedure is detailed in SI Appendix. and Museum, especially Kath Prickett, for access to the Samoa adzes collected by the late Roger Green and Janet Davidson and The Museum of Samoa for permission to analyze lithics from the Pulemelei site. Roland Maas assisted with the radiogenic isotope analyses, and we thank Marshall Weisler and two anonymous reviewers for comments that helped us improve the manuscript. Field work was supported by Australian Research Council Future Fellowship Grant FT0990591 (to G.R.C.) and College of Asia and the Pacific Grant (to C.R.).
